by 70-90%). DE-T1 can significantly upregulate the expression of the estrogen receptor in the uterus and FSH receptor (FSHR) in the ovaries of mice and increase the secretion of estradiol (E2).
We hypothesized that the therapeutic effects of herbal product DE-T1 could possibly be associated with influence on reproductive hormone levels or the expression of their receptors or the viability of granulosa cells (GCs). This study aimed to verify these three considerations through in vitro experiments.
Methods

Participants
Mural GCs were aspirated after the oocyte retrievals of infertile patients undergoing IVF. The cells were collected and processed only after receiving signed informed consent from each patient for the use of cells that would have otherwise been discarded. This study was approved by our local Institutional Review Board. The patients' cells were divided into two groups based on the patients' ovarian responses: normal ovarian response (NOR) and poor ovarian response (POR) group. Poor responders had basal serum FSH levels >10 U/L and antral follicle count <5. We excluded patients with infertility diagnoses related to conditions such as polycystic ovary syndrome or endometriosis, which might affect the quality of GCs. All patients were treated with a gonadotropin-releasing hormone agonist protocol; human chorionic gonadotropin (hCG; 6500 U, Serono, USA) was administered when the leading follicle reached 18-20 mm in diameter together with at least three follicles of 16 mm detected by ultrasonography. Oocyte retrieval was performed 36 h later under transvaginal ultrasound guidance, and only mature oocytes were collected.
Cell purification and culture
After oocyte isolation, mural GCs were collected from residual follicular aspirates and washed three times with phosphate-buffered saline (PBS). To decrease the variability between women, GCs from 3 to 5 patients within the same group were pooled together when possible, depending on the number of retrievals that day. The cells were centrifuged at 2000 rpm for 10 min and separated from the blood cells using 40%/80% Percoll gradient (Sigma-Aldrich, St. Louis, MO, USA). The pellet was suspended with PBS and centrifuged again for 10 min at 1000 rpm. Then, the PBS was removed, and the cells were re-suspended with 1 ml of Dulbecco's Modified Eagle's Medium: Nutrient Mixture F-12 (DMEM/F12) (Invitrogen, Carlsbad, CA, USA). The purified cells were counted using a hemocytometer, and cell viability was determined using trypan blue (BD Biosciences, San Jose, CA, USA) before seeding.
Experimental protocol
The cells were plated in 24-well plates (100,000 live cells/well) and cultured in DMEM/F12 supplemented with 10% fetal bovine serum and 1% penicillin/streptomycin. The cells were maintained in the culture at 37.5°C in a humidified atmosphere of 5% carbon dioxide and 20% oxygen. After 24 h, the medium was replaced with fresh medium containing different concentrations of taraxacum extract DE-T1 (Wellness Advance Institute, Osaka, Japan), which were chosen based on gradient (v/v). The experiments were performed in duplicate or triplicate, depending on cell availability.
Proliferation assay
The mural GCs were cultured in 96-well plates at a density of 1.5 × 10 4 cells per well. After being cultured for 24 h, triplicate wells were treated with different concentrations of the taraxacum extract. Then, the cells were cultured for 48-72 h. Next, the culture medium was replaced with fresh medium containing 10 µl of the Cell Counting Kit-8 (CCK-8) assay, and the plates were incubated at 37.5°C for 4 h. The absorbency of each well was measured at 240 nm.
RNA isolation and real-time polymerase chain reaction
Total RNA was extracted from the GCs using a Quick-RNA Micro Prep Kit (Sigma-Aldrich, St. Louis, MO, USA) according to the manufacturer's instructions. The mRNA concentrations were assessed using a NanoDrop 2000C spectrophotometer (Thermo Scientific, Waltham, MA, USA). Aliquots of 1 ml of RNA were used for the reverse transcription using a high-capacity complementary (c)-DNA RT kit (Thermo Scientific) according to the manufacturer's instructions. The fluorescent SYBRGreen polymerase chain reaction (PCR) mix (Thermo Scientific) was used to quantify the PCR products. Specific primers for the genes of interest (insulin-like growth factor 1 receptor [IGF-1R], FSHR, luteotropic hormone receptor [LHR] , and CYP19A1) were added, and a final volume of 10 ml was used for the PCR step. β-Actin was used as a reference (normalization) gene for each sample.
The primers were generated according to NCBI using BLAST search of the GenBank Database and were all intron-exon spanning to avoid genomic DNA contamination. These were FSHR: forward 5'-CTTCTGACCTCCCGAGGAAT-3' and reverse 5'-GGTCCCCAAATCCTGAAAAT-3'; LHCGR: forward 5'-CCCTGAGCCCTGCAACT-3' and reverse 5'-TTGACAGGGAGGTAGGCAAG-3'; and CYP19A1: forward 5'-GAGAATTCATGCGAGTCTGGA-3' and reverse 5'-GCCGAATCGAGAGCTGTAAT -3'.
Amplification and detection were performed using the StepOnePlus real-time PCR system (Applied Biosystems, Foster City, CA, USA) with the following profile: 1 cycle at 95°C for 10 min, and 40 cycles each at 95°C for 10 s and 60°C for 50 s. Aliquots of 1 ml of cDNA were used per reaction in a 10 ml total reaction volume. All samples were run in triplicate. The same quantitative real-time PCR protocol was used for all the genes analyzed. Relative quantification of the mRNA levels was performed using the comparative Ct method with B-actin as the housekeeper gene. To obtain the relative gene expression data (control group), the formula ΔΔCt method was used. Results are expressed as fold-change with respect to the experimental control without DE-T1.
Measurement of hormone levels
The E2 and progesterone concentrations in the culture medium were measured in duplicate according to the manufacturer's instructions using enzyme-linked immunosorbent assay kits (Cayman Chemical Co., Ann Arbor, MI, USA). The assay sensitivities were 15 and 10 pg/ml for E2 and progesterone, respectively. The intra-assay coefficient of variation (CV) and inter-assay CVs were 7.3% and 7.7%, respectively, for progesterone, and the intra-assay CV was 14.3 for E2.
Statistical analysis
Each experiment was run at least in triplicate, and the data are expressed as mean ± standard deviation (SD). All statistical analyses were performed using the software SPSS 22.0 (SPSS Inc., Chicago, IL, USA). Statistical comparisons of the mean values between groups were performed using the Student's t-test, and multiple comparisons were performed using one-way analysis of variance (ANOVA). The differences were considered statistically significant when P < 0.05.
results
Participants
Sixty women younger than 38 years were prospectively enrolled (thirty diagnosed as having POR and thirty diagnosed as having NOR met the study inclusion criteria). The patient characteristics of the two groups (NOR and POR) are summarized in Table 1 . The mean values for age and body mass index did not differ significantly between the two groups. However, significant differences were observed in the antral follicle count and FSH level on the third cycle day and in the serum E2 on the day of the hCG injection between the two groups. Furthermore, the number of eggs retrieved significantly differed between the two groups (P < 0.001).
Morphologic observation of granulosa cells of the normal ovarian response group in vitro
Under an inverted phase contrast microscope, the GCs appeared spherical when just vaccinated, and they began adhering to the wall 8 h later. The adherence rate reached 70% at 24 h and reached 90% after culture for 2 days. The cellular morphology was irregular, with cells being star like or spindle shaped. The cells were connected to each other by intercellular-extended pseudopodia. The nuclei were large and round, and the cytoplasm was full and had high transparency. The cells showed clustered growth. For GCs planked with uniform cell density, after 24 h of preculture, DE-T1 was added according to gradient concentrations. At 48 h, the proliferation and extension degree of GCs in the group treated with DE-T1 were significantly higher than those were in the control group [ Figure 1 ].
Effect of dandelion extract T-1 on in vitro proliferation of human granulosa cells Effect of different concentrations of dandelion extract T-1 on the viability of granulosa cells cultured in vitro
After GCs were cultured with different concentrations of DE-T1 for 48 h, the CCK-8 assay was used to test cell viability. The results showed that, for GCs in the NOR group within a certain concentration range, the cell viability gradually increased with the progressive increase of DE-T1 concentration, suggesting that DE-T1 could promote the proliferation of GCs, and this effect was positively correlated in a dose-dependent manner. After the 48 h incubation of cells with DE-T1, the proliferative activity was higher than that in control group, with a statistically significant difference observed at different concentrations (P < 0.05). The proliferative activities in the 1.25% (P = 0.003), 2.5% (P = 0.007), and 5% groups (P = 0.001) were significantly higher than that in the control group [P < 0.01; Figure 2 ]. Granulosa cell changes in patients with low responses after the addition of dandelion extract T-1 in vitro, followed by culture for different days After 1 and 2 days of culture of the GCs from patients with low responses with DE-T1 in vitro, the GCs showed a trend of slow proliferation over time. Then, they gradually aged, and cell viability gradually decreased. The aging and death as well the decline in the proliferation ability of GCs were significantly delayed in the DE-T1 addition group than in the control group. Significant differences were found after 1 day (P = 0.014), 2 days (P = 0.005), and 3 days (P = 0.002) of culture [P < 0.01; Figure 3] .
Effect of dandelion extract T-1 on the mRNA expressions of follicle-stimulating hormone receptor, luteotropic hormone receptor, insulin-like growth factor 1 receptor, and CYP19A1 in granulosa cells
Normal ovarian response group
The mRNA expressions of FSHR, LHR, IGF-1R, and CYP19A1 of GCs after the addition of DE-T1 showed an increasing trend in the NOR group compared with the control group. The mRNA expression level of FSHR was higher in the 1.25% DE-T1 concentration group than in the control group (P = 0.017). Significant differences were found in the mRNA expression levels of FSHR (P = 0.009), IGF-1R (P = 0.003), and CYP19A1 (P = 0.001) between the 2.5% DE-T1 group and the control group (P < 0.01). The mRNA expression levels of IGF-1R (P = 0.004) and CYP19A1 (P = 0.003) of GCs were significantly higher in the 5% DE-T1 group than in the control group [P < 0.01; Figure 4a and 4b].
Poor ovarian response group
The mRNA expression levels of FSHR, LHR, IGF-1R, and CYP19A1 of GCs after the addition of DE-T1 showed an increasing trend in the POR group than in the control group. Extremely significant differences were found in the mRNA expression levels of FSHR (P = 0.001), IGF-1R (P = 0.001), and CYP19A1 (P = 0.001) between the 2.5% dose group and the control group (P < 0.01), and no difference was found between the 2.5% dose group and the NOR group. The mRNA expression level of CYP19A1 (P = 0.011) was significantly higher in the 1.25% dose group than in the control group (P < 0.05). Significant differences were found in the mRNA expression levels of LHR (P = 0.014) and IGF-1R (P = 0.003) between the 5% dose group and the control group [P < 0.01; Figure 4c and 4d].
Difference between normal ovarian response and poor ovarian response with 2.5% dandelion extract T-1 Under different DE-T1 concentrations, there was a difference in the gene expression of GCs between the NOR group and the POR group. With the 2.5% DE-T1 concentration, LHR was upregulated by 4.78 ± 0.50-fold in the POR group, which was significantly higher than that in the NOR group (3.58 ± 0.12, P < 0.05). In the POR group, IGF-1R significantly upregulated (24.97 ± 4.02) than in the NOR group (3.29 ± 0.51; P < 0.01) and CYP19A1 were upregulated and highly significantly different in the POR group (1.49 ± 0.12) than in the NOR group (1.06 ± 0.09, P < 0.01). FSHR was upregulated and significantly higher in the NOR group than in the POR group [P < 0.05; Figure 5 ].
Effect of dandelion extract T-1 on progesterone secretion of granulosa cells
In the culture medium of GCs in the NOR group, the progesterone level increased with an increasing concentration of DE-T1. When the DE-T1 concentration reached 5%, there was a statistically significant difference in the secretion of progesterone (P = 0.021). A statistically significant difference was found in the secretion of progesterone in the POR group when the DE-T1 concentrations were 2.5% (P = 0.027) and 5% [P = 0.002; Figure 6a and 6b]. 
Effect of dandelion extract T-1 on estradiol secretion of granulosa cells
In the culture medium of GCs in the NOR group, E2 increased with increasing concentrations of DE-T1. A statistically significant difference was found in the secretion volume of E2 when the DE-T1 doses were 2.5% (P = 0.016) and 5% (P = 0.003). In the POR group, when the DE-T1 doses were 2.5% (P = 0.004) and 5% (P = 0.002), a significant difference was found in the secretion of E2 in GCs [P < 0.01; Figure 6c and 6d].
dIscussIon
GCs are the main functional cells of the ovary, and the proliferation and differentiation of these cells can be regarded as markers of follicular development. The study conducted by Nakahara et al. [3] suggested that compared to women with normal ovarian function, patients with declining ovarian reserve have slower proliferation and accelerated apoptosis of GCs. In women with normal ovarian function, there is a positive correlation between the FSHR signaling pathway and the FSH regulator gene PPAP/CYP19A1, whereas in patients with POR, such correlation is disturbed or even blocked. [4] GC apoptosis is a marker of antral follicular atresia. It is considered that GC apoptosis plays an important role in the cycle of ovulation promotion and exerts an adverse effect on the clinical pregnancy rate of the cycle.
Therefore, promoting the proliferation of GCs or reducing their apoptosis may improve ovulation induction outcomes. FSH (through the CAMP-ERK-1/2 pathway) promotes the proliferation of GCs [5] and stabilizes the GC skeleton through the cAMP-PKA pathway, thereby increasing the number of GCs. [6] This study showed that, within certain concentration ranges, DE-T1 can enhance the proliferative activity of GCs cultured in vitro and delay the decreases in the proliferative activity of these cells. It was speculated that DE-T1 may have FSH-like effects and promote the proliferation of GCs.
GCs primarily expresses FSHR in the human body, and the number of FSHR directly affects the responsiveness of patients to ovulation-inducing drugs. The study conducted by Doherty et al. [7] confirmed that compared to patients with NOR, patients with POR have decreased expression of FSHR on the surface of GCs. Hu et al. [8] also confirmed that the distribution density of FSHR on the surface of GCs in patients with low ovarian reserve decreased. In clinical practice, the ideal oocyte number for retrieval was obtained by increasing the dosage of gonadotropin, but the effect was not satisfactory. However, a study showed that the FSH level in the follicular fluid of patients with POR is higher than that in patients with NOR. [9] It was believed that large doses of ovulation-stimulating drugs could indeed increase the secretion of local stimulating hormones in the follicle, but there are a lower number of FSHR s on the surface of granular cells of patients with POR, leading to poor outcomes. Hence, it was considered that increasing the expression of FSHR on GC surfaces is an important way to improve ovarian response to ovulation-stimulating drugs, reduce drug dosages, and improve clinical outcomes. [10] This study showed that, in both the NOR and POR groups, the expression of FSHR significantly increased with and without the introduction of DE-T1 into the GC culture. Therefore, the level of upregulation of the expression of FSHR in the NOR group was slightly higher than that in the POR group (2.61 ± 0.20 vs. 2.08 ± 0.10), indicating that DE-T1 could enhance the expression of FSHR on GCs, and that it is effective for infertile patients with normal ovarian responsiveness and those with poor ovarian responsiveness. This is speculated to be an important mechanism by which DE-T1 assists in ovulation induction and improving clinical ovarian responsiveness.
CYP19A1 is the key enzyme-associated gene of P450 aromatase, and activated GCs synthesize E2 under the function of P450 aromatase. Samardzija et al. [11] found that, by inhibiting the expression of LHR and CYP19A1 on the GC surfaces of mice, the secretion of E2 in GCs can be inhibited, thereby inhibiting ovulation in mice.
Ginther et al. [12] found that in FSH/FSHR-knockout and IGF-1-knockout mice, follicular development was blocked in the preovulatory stage. Dierich et al. [13] studied IGF-1 and the relationship between its receptor and embryo quality. These results also showed that the IGF-1 expression level is high in embryos with high growth potential. The IGF-1 concentration in follicular fluid is positively correlated with the quality of the oocytes, [13] and the biological function of IGF-1 is realized by its binding to specific IGF-1 receptors on GC surfaces. One study showed that, by increasing the number of IGF-1 receptors on GC surfaces, FSH can synergistically increase the synthesis of DNA and proteins, thus promoting the maturation and differentiation of ova and GCs. [14] This can also significantly increase cell cleavage and improve embryo development. Studies have also suggested that IGF-1 and its receptors play an important role in the proliferation, differentiation, and ovulation function of GCs and are closely related to embryo quality.
Through whole-genome sequencing, Stocco et al. [15] found that nearly 50% of the regulating effect of FSH on GCs is attributable to IGF-1R. After IGF-1 receptor expression was inhibited, the expression of some of the genes, including CYP19A1 mediated by FSH, was reduced. Under the mediation of FSH, CYP19A1 expression was upregulated nearly 20 times, but half of that can be inhibited by AEW (IGF-1R inhibitor). This study showed that the expressions of CYP19A1, IGF-1R, and LHR in GCs after the addition of DE-T1 significantly increased compared to those in the control group. Therefore, it was considered that DE-T1 may upregulate the mRNA expression of important receptors such as FSHR, LHR, and IGF-1R on GC surfaces. This would likely further enhance the synergistic effect of such hormones in follicular development and strengthen regulation of the transcription of the downstream target gene P450 aromatase. As a result, more estrogen will be produced in the ovary, which contributes to follicular growth and development and ovulation through the positive feedback effect. We found that the expressions of LHR, CYP19A1, and IGF-1 receptors in GCs were more sensitive to DE-T1 in the POR group than in the NOR group, and the expression of IGF-1R in GCs of the DE-T1 group increased nearly 25 times. Therefore, it was speculated that IGFs may be the key to the sensitivity of patients with low responses to DE-T1. The PI3K/AKT signaling pathway is a classic downstream activation pathway of IGF-1R, and DE-T1 may activate the differentiation of GCs through this pathway. Further in-depth studies should be conducted to elucidate these mechanisms.
The interactions between FSHRs and the activation of intracellular signal transduction pathways lead to the proliferation and differentiation of GCs. Under the stimulation of FSH and the synergistic hormones, GCs produce E2, which has a pleiotropic effect. It can promote the proliferation of GCs, play a crucial role, and function in a synergistic manner with FSH to promote the expression of FSHR and LHR, thereby enhancing the activity of aromatase. The levels of E2 and progesterone hormones in the GC culture medium were measured in the experiment, and it was found that the secretion volumes of E2 and progesterone in GCs were significantly higher in the DE-T1 group than in the control group. At the same level of drug concentration, hormone secretion was greater in the NOR group than in the POR group. Estrogen and progesterone are important female reproductive hormones; thus, it was speculated that DE-T1 may sustain the further development and maturation of oocytes in follicles by promoting GCs to synthesize more steroid hormones, which may be beneficial for early embryonic development after ovulation.
This study had some limitations. The GCs used were from patients who underwent IVF ovulation treatment and were luteinized after IVF oocyte pick-up, so the cells' proliferations were relatively weak. Cells most relevant to follicular development should be the cumulus granular cells in antral follicles, but it is difficult to obtain these in the clinical setting. Based on previous animal experiments, the effect of DE-T1 was detected in a luteinized granular cell model. Currently, as a Chinese medicine preparation, DE-T1 has been rarely reported to assist in ovulation induction or enhancing the expression of reproductive hormone receptors. Compared to the previous DE-T1 experiments in animal models, the focus of this experiment was the primary culture of human ovarian GCs in vitro, thus verifying the medicinal value of investigating the T1 mechanism of action of DE-T1.
In summary, it was speculated that DE-T1 could promote the proliferation of GCs, thereby increasing the mRNA expression of FSHR and IGF-1R on GC surfaces and enhancing the sensitivity of GCs to ovulation-stimulating hormones and the synergetic hormones. It was also considered that DE-T1 could regulate the transcription of the downstream target gene P450 aromatase, thus promoting the ovary to produce more estrogen, contributing to follicular growth and development. DE-T1 may be used to assist clinical ovulation therapy and reduce the dosage of ovulation-inducing drugs, especially for improving the ovarian function of women with adverse reactions to ovulation-inducing drugs. In addition, DE-T1 could be used to achieve an ideal retrieved oocyte number and improve the clinical outcomes of IVF. Additional basic experiments and evidence of clinical applications are required to confirm the clinical application and value of DE-T1 in assisted reproduction technologies.
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